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Abstract: Prostate cancer is the leading cause of solid organ malignancy in American men with over
33,330 men predicted to die of prostate cancer in 2020 by the American Cancer Society. An increase in
PSA screening has led to an increased number of men being diagnosed with both clinically significant and
insignificant disease. Such an increase in detection has made selecting patients who would benefit from more
aggressive treatment modalities with surgery or radiation as opposed to watchful waiting more complex.
Several predictive models have been developed which utilize well established diagnostic risk factors aimed to
predict which patients are at highest risk of disease progression and thus require more aggressive treatment
modalities i.e., radical prostatectomy (RP). This comprehensive review article will discuss how such risk
stratification models along with biochemical markers and imaging modalities can be used to predict which
patients may harbor pathologically aggressive prostate cancer and would benefit from surgical intervention.
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Introduction
Prostate cancer is the leading cause of solid organ
malignancy in American men and remains the second
leading cause of cancer-related deaths in this population.
Indeed, the American Cancer Society predicts that 33,330
men will die of prostate cancer in 2020 (1). Coincident
with an increase in routine prostate cancer screening since
the 1990’s, more men are being diagnosed at earlier stages
with lower PSA levels, a trend which resulted in an increase
in the incidence of clinically insignificant prostate cancer.
Physicians are increasingly being faced with the task of
deciding between noninvasive management strategies such
as watchful waiting or active surveillance and more definitive
treatment approaches i.e., surgery or radiation therapy
which, while generally effective in oncologic control, can
carry significant morbidity. In order to help guide clinical
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recommendations and shared decision making, several
predictive models have been developed which utilize well
established diagnostic risk factors aimed to predict which
patients are at highest risk of disease progression and thus
require more aggressive treatment modalities i.e., radical
prostatectomy (RP). We will discuss such models and how
they can be implemented to predict which patients most
likely harbor pathologically aggressive prostate cancer who
could realize the greatest potentially benefits from surgical
management approaches.
Prostate cancer can be characterized as clinically
localized, locally advanced, or metastatic disease that is
either castration-sensitive or resistant. Clinically localized
cancer is defined as organ-confined disease without
lymph nodal involvement or metastatic spread. Patients
with clinically localized disease may be optimal surgical
candidates, but must weigh the risk of mortality from
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prostate cancer relative to other competing risks of death
when choosing this option. Additionally, a patient’s baseline
urinary, sexual, and bowel function must be considered as
many definitive treatments (surgery or radiation therapy)
can have a significant impact on quality of life. As the
number of patients being diagnosed with prostate cancer
continues to increase, identifying patients who may benefit
from curative surgery from those who can be managed with
active surveillance or watchful waiting has become a focus
of urologic research.
Clinical guidelines and predictive nomograms to
optimize prostate cancer treatment pathways
Numerous statistical methodologies have been implemented
in the form of nomograms to provide accurate tools to
identify patients with aggressive disease that are at high risk
of poor outcomes. These nomograms utilize clinical and
pathologic variables assigned a value to indicate prognostic
significance on an outcome of interest. One such nomogram,
the Kattan nomogram, also known as the Memorial Sloan
Kettering Cancer Center Pre-Prostatectomy nomogram,
was developed to predict the extent of cancer and longterm prognosis of patients diagnosed with prostate cancer
prior to undergoing radical prostatectomy (2). Variables
included in this nomogram are patient’s age, PSA prior
to prostate biopsy, Gleason pattern and score, clinical
tumor stage by DRE and number and percentage of biopsy
samples positive for cancer. This widely utilized nomogram
was created using data from greater than 10,000 patients
diagnosed with prostate cancer on systematic sextant
prostate biopsy compared to pathology at time of surgery
and their outcomes, but was recently further validated using
data from MRI-targeted biopsy which showed comparable
predicted outcomes (3). This tool offers a probability of both
cancer-specific survival and progression-free probability
after surgery as well as a probability percentage of disease
extent. One inherent limitation of nomograms is that their
development is mostly based upon the most common
combinations of clinical features of disease making it not
always accurate in predicting rare disease cases, however,
the Kattan nomogram has been shown to predict actuarial
survival across all risk-groups including those at the extremes
of the patient spectrum (4).
Risk stratification has been implemented by the AUA
and NCCN to help clinicians identify patients at risk
of disease progression or biochemical recurrence after
definitive treatment. Risk stratification utilizes clinical
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staging based on digital rectal examination (DRE), prostate
specific antigen (PSA) level, PSA density, prostate needle
biopsy results including Gleason Grade Grouping, amount
of cancer by percentage of cores and total number of
cores positive. As a tool to predict disease aggressiveness,
PSA levels are associated directly with pathologic stage
and tumor extent (5). For example, one study showed that
80% of men with a PSA less than 4.0 ng/mL were found
to have pathologically confined organ disease while 75%
of those with PSA level greater than 50 ng/mL are found
to have pelvic lymph node involvement (6). Free PSA or
PSA not complexed to proteases is enzymatically inactive
and generally lower in men with prostate cancer then
men without (7). The amount of free PSA can improve
accuracy of SA in men with serum PSA 4–10 ng/mL with
negative DRE. While free PSA is most notably useful in
determining whether patient should undergo prostate
biopsy, it may also provide prognostic information as an
independent association between lower percentage free PSA
and biochemical recurrence has been shown in men who
underwent surgery for clinically localized prostate cancer (8).
PSA dynamics including PSA velocity (the change in
PSA per year) and PSA density (total PSA divided by
prostate volume) have been investigated as predictors of
aggressive disease. While PSA velocity has been shown to
have minimal use in prostate cancer screening, its use in
predicting reclassification in the active surveillance setting is
still being determined (9). PSA density helps to adjust PSA
for prostate size and can help distinguish an elevated PSA
caused by benign prostatic hyperplasia (BPH) from those
caused by prostate cancer. PSA density has been shown
to associated directly with prostate cancer aggressiveness
and may be utilized to determine the eligibility for active
surveillance among men with prostate cancer (10,11).
DRE is a less sensitive tool for detecting cancer and may
not independently predict disease aggressiveness but is
important for clinical staging. A palpable lesion on DRE is
associated with local disease extent and contributes to the T
stage such that a palpable tumor confined to the prostate is
deemed cT2, while tumor beyond the prostate invading the
seminal vesicles is deemed cT3. When complemented with
PSA, DRE increases the likelihood of detecting prostate
cancer and may detect different cancer than those detected
by PSA alone. To trigger a prostate biopsy, digital rectal
examination findings and PSA levels are generally used in
a complimentary manner. PSA testing has been shown to
improve the positive predictive value of DRE and when used
together have higher detection rates of prostate cancer than

AME Med J 2021;6:7 | http://dx.doi.org/10.21037/amj-20-82

AME Medical Journal, 2021

with either individually (12). Furthermore, PSA has been
shown to increase the detection of organ-confined disease
when compared to detected cancer without PSA. The
probability of cancer detection has been shown to increase
directly with increasing level of PSA (13). Once prostate
biopsy has been performed, Gleason score is the greatest
predictor of outcome for any man with prostate cancer (14).
Prostate needle biopsy and Gleason Grade Grouping
provides the histologic diagnosis that is paramount to
predicting disease aggressiveness and prognosis. There have
been numerous refinements to Gleason classification over
the years, but the contemporary system is comprised of 5
grade groups with Grade Group 1 defined as Gleason 3+3=6
to Grade Group 5 defined as patients with Gleason sums 9
and 10. The Grade groupings have been shown to predict
chance of biochemical recurrence progression and were
also predictive of biopsy grade following RP or radiation
therapy.
The NCCN and AUA risk stratification divides patients
into very low/low, intermediate, and high-risk groups (15).
Patients stratified into very low/low risk group are defined as
those with PSA less than 10 ng/mL, Gleason Grade Group
1 and clinical stage T1-T2a. In order to be considered very
low risk, fewer than 34% of biopsy cores may be positive, no
core may exhibit greater than 50% cancer involvement, and
PSA density may not exceed 0.15 ng/mL/cc. In this very
low risk group, such men have a very favorable outcome
with a low probability of adverse pathology at surgery and
low rate of metastatic disease when managed with active
surveillance. Differentiating those with very low and low
risk from those men with higher risk disease is based on
a large body of evidence supporting active surveillance in
such men. While those with very low risk disease treated
with active surveillance have been found to have less than
1% metastatic progression rate at 15 years, those in the low
risk category face a small chance of metastasis or prostate
cancer specific mortality on active surveillance found to
be roughly 3% as shown in the PIVOT and ProtecT
trials (16). The role of surgical management in low risk
patients is dependent on shared decision making with
patient’s performance status, baseline urinary, bowel, or
sexual function, and overall life expectancy. In this patient
population, the clinical predictors which have been shown
to increase risk of higher-grade disease and progression at
subsequent biopsy are PSA density exceeding 0.15, obesity
(measured by BMI), African American race, and extensive
cancer on systematic biopsy cores (17).
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RP in the management of aggressive prostate
cancer
Patients in the intermediate-risk or high-risk category of
clinically localized prostate cancer should be offered surgery
or radiation therapy with or without androgen deprivation
therapy as treatment options. Those with intermediate
risk disease are defined as PSA 10–20 ng/mL, Gleason
Grade Group 2–3, or clinical stage T2b-c. Patients with
intermediate-risk are further divided into favorable vs.
unfavorable groups with those in the favorable group being
Grade Group 1 with PSA 10–20 ng/mL or Grade Group
2 with PSA <10 ng/mL. Unfavorable intermediate risk
disease is defined as Grade Group 2 with PSA 10–20 ng/mL
or clinical stage T2b-c or Grade Group 3 with PSA <20. In
this risk category, several studies including the Scandinavian
Prostate Cancer Group Study Number 4 (SPCG-4) and
PIVOT have shown both higher overall survival and prostate
cancer-specific survival among patients who underwent
RP at 10 years follow-up (18,19). In this classification
scheme, high-risk category is defined as PSA greater than
20 ng/mL or Gleason Grade Group 4–5 or clinical stage
T3). In unfavorable intermediate or high-risk groups,
at time of RP an extended pelvic lymph node dissection
(PLND) is commonly completed with the rationale being
a greater amount of nodal tissue results in an increased
identification of potential lymph node metastases (20).
The therapeutic benefit of using an extended template map
(removing the obturator, external, and internal iliac nodes)
compared to a standard PLND (obturator and external
iliac) is not conclusive (21).
RP has historically been offered to patients with
pathologically confirmed cancer clinically confined within
the prostate or cancer that extends beyond the margins of
the prostate but would still be amenable to a wide resection.
The role of surgery in locally advanced disease is less certain
in comparison to more localized and lower risk disease
states, however, many studies have shown that surgery
may offer suitable oncologic control by decreasing tumor
burden and allow accurate and precise pathologic staging
with the need for more definitive treatment (22). Previously,
outcomes after RP for clinical stage T3a showed that men
with lower-volume disease may benefit as local control and
complete excision of cancer is possible. However, a minority
of patients who undergo RP for clinically localized disease
will be found to have pathologic spread outside of the
prostate either with extracapsular extension, seminal vesicle
invasion or lymph node metastasis. Those diagnosed with
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varying degrees of pathologic spread at time of RP were
found to have significantly worse 5-year PSA-free survival
with the highest risk being presence of a positive surgical
margin (23). Surgery in management of node-positive
disease has become an interest of researchers. Ga-PSMA-11
positron emission tomography (PET) scan which has been
used to detect soft tissue and bony metastases in the setting
of biochemical recurrence has been increasingly utilized
pre-operatively in high risk patients to identify those with
high risk of biochemical progression (24). Those found
to have oligometastatic disease on PET may benefit from
oncologic and symptomatic control with RP as surgery in
this population can be done with appropriate morbidity (25)
while receiving neoadjuvant systemic therapy has not shown
to increase the risk of perioperative complications (26).
Overall, the rationale and oncologic benefit from surgery
in these high-risk populations remain the study of ongoing
clinical trials including the ongoing Southwest Oncology
Group (SWOG) 1802 trial, Surgery in Metastatic
Carcinoma of Prostate (SIMCAP) trial, Testing RP in
men with prostate cancer and oligoMetastases to the bone
(TRoMbone), and others.
Clinical imaging in the diagnostic prediction of
prostate cancer
Over time, improvement in prostate imaging modalities
has improved the ability to detect clinically significant
disease during the diagnostic phase of management.
Transrectal ultrasound-guided prostate biopsy became
widely used in 1989 when a systematic sextant (six-core)
biopsy protocol was created (27). Since then, refinements in
sampling templates which led to an increase in systematic
core biopsies to 12 as well as the use of PSA screening has
increased the number of men being diagnosed with prostate
cancer. Most recently, the development of multiparametric
MRI (mpMRI), which is standard anatomical T1 and T2weighted imaging supplemented with additional imaging
sequences most typically dynamic contrast-enhanced
(DCE) and/or diffusion-weighted imaging (DWI), has
led to improved prostate cancer detection (28). A Prostate
Image Reporting and Data System (PIRADS) was
developed to standardize the interpretation and reporting
of mpMRI prostate scans which assigns a score 1 to 5 with
higher numbers indicating an increased risk for clinically
significant malignancy. In general, MRI cannot detect all
prostate tumors and has poor sensitivity for low volume
Gleason 3+3 disease which lends credence to its use in
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predicting aggressive tumors while focusing attention
away from these smaller more occult tumors. Because
of this, mpMRI may safely allow men without imagingbased suspicion to avoid biopsy (and associated morbidity)
and the resultant risk of incidental detection of very low
and risk occult malignancy (29). The adoption of TRUS/
MRI fusion prostate biopsy which utilizes real-time TRUS
guidance familiar to most urologist with superimposed
mpMRI images has further improved the concordance
of biopsy results to true pathologic findings on RP (30).
MRI fusion biopsy has been increasingly utilized in a wide
variety of clinical scenarios including initial evaluation
of elevated PSA, repeat biopsy after previous negative
TRUS biopsy in patients with persistently elevated PSA,
as well as active surveillance. While MRI fusion biopsy
has shown promising and favorable results in identifying
potentially aggressive cancers, other studies have noted
out a persistent false negative rate in missing potentially
significant disease (31). MRI may offer an additional benefit
in detecting extraprostatic extension (EPE) and seminal
vesicle invasion which is important in informing surgical
technique. Although compared to other preoperative
parameters mpMRI is the best predictor of extraprostatic
extension at RP, its overall ability to detect EPE remains
relatively limited. Furthermore, preoperative MRI has
been shown to be even more challenged in the detection of
seminal vesicle invasion (32). Instead of using mpMRI to
directly visualize EPE in binary terms (present vs. absent),
several mpMRI features been found to be associated with
likelihood of EPE on pathology at time of surgery. These
features include curvilinear contact length with the capsule,
capsular bulge, direct visualization of EPE on MRI,
obliteration of the rectoprostatic angle, and neurovascular
asymmetry. A grading system developed by Mehralivand
et al. demonstrated that when combined with clinical
parameters, these imaging findings improved the diagnostic
ability of MRI to detect EPE and therefore, better predict
extent of disease (33). Seminal vesicle invasion is associated
with an increased risk of lymph node metastasis and tumor
recurrence and is therefore important in assessing treatment
options for patients (34). MRI evidence of seminal vesicle
invasion (or EPE at the prostate base transition) has been
shown to be significantly associated with seminal vesicle
invasion confirmed at time of surgery on pathology,
and may inform when it is appropriate to biopsy SV for
treatment planning and may adjust treatment planning (i.e.,
resection planes and radiation plans) (35). Depending on the
risk category of disease, surgeons are faced with balancing
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clinical outcomes (i.e., neurovascular bundle sparing RP)
with adequate oncologic control in high-risk groups (i.e.,
wide resection). Further research is needed to determine
whether or not mpMRI is able to decrease the positive
surgical margin rate at time of RP (32).
The development of specialized PET scan with tracers
specific for prostate cancer cells has been increasingly
adopted into practice to detect metastasis in the setting
of biochemical recurrence as well as to potentially inform
pre-operative planning for RP. One such FDA approved
tracer for imaging of in the setting of biochemical
recurrence is 18F-fluciclovine (Axumin) which has high
diagnostic accuracy in post-treatment cases. Due to its
ability to characterize lymph nodal and distant metastases,
its use in initial workup and restaging of prostate cancer is
likely in the future and will play a role in imaging high-risk
patients (36). As noted above, PSMA PET is increasingly
utilized in this space, and an FDA approved application is
anticipated.
Emerging surgical techniques in management of
locally advanced prostate cancer
An increasing number of urologists are utilizing mpMRI
in order to inform surgical planning, especially in cases
of high-risk or locally advanced disease (37). Despite this
widespread adoption, positive surgical margins (PSM) rates
in this group continue to be high, which has been shown to
increase the risk of biochemical recurrence (38). In order
to improve oncological safety margins, new techniques
are emerging including a super-extended robotic assisted
RP (seRARP) with resection of Denonvilliers fascia and
dissection down to perirectal fat (39). Dell’Oglio et al.
described this technique in two patients with posterior T3a
or T3b prostate cancers where mpMRI demonstrated PIRADS 5 lesions involving the seminal vesicles. Operative
times and estimated blood loss were comparable in these
cases to those who undergo standard robotic RP and both
patients had uneventful post-operative courses lending
credence to its feasibility in this risk category (39). With a
focus on improving clinical outcomes including continence
rate and erectile function preservation, a Retzius-sparing
approach to robotic assisted RP (rsRARP) has been shown
to be clinically feasible and oncologically safe in low
and intermediate risk patients (40). With more studies
demonstrating a role for RP in high-risk and locally
advanced disease, one group performed rsRARP in these
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groups and the results demonstrated comparable PSM to
conventional RARP with earlier continence recovery (41).
However, long-term oncological outcomes and data
addressing the probability of biochemical recurrence after
12 months is still pending.
Genomic testing in the prediction of prostate
cancer biology
With advancement in molecular engineering technology
such as next-generation sequencing, the role of genomics in
predicting aggressive prostate cancer has been increasingly
studied and utilized. Commercially available genomic tests
such as the Oncotype Dx Genomic Prostate Score (GPS),
Prolaris and Decipher tests have been used to provide
prognostic information from adverse pathology at RP, and
even prior to surgery with prostate biopsy tissue samples.
Oncotype Dx Genomic Prostate Score uses a 12-gene
panel from genes used in various molecular pathways to
compile a GPS score from 0–100 that corresponds to the
aggressiveness of the tumor at time of prostatectomy (42).
This test has been shown to help management decisions in
patients regarding active surveillance or primary treatment
and has been extensively validated for its clinical outcome
(43-45). Prolaris assesses 31 cell cycle progression genes
and 15 housekeeping genes and has been shown to be an
independent predictor of prostate cancer specific death (46).
The Decipher assay is a 22-marker genomic classifier which
has been independently associated with the development of
metastatic disease and prostate cancer-specific mortality in
patients with high-risk disease and those with biochemical
recurrence (47). While these genomic tests may help guide
clinical decision making, one disadvantage of these tests is
the inability to take in to account tumor multifocality and
heterogeneity. One analysis showed that scores of low-grade
prostate cancers derived from the above genomic tests could
not predict the concomitant presence of an unsampled
high-grade cancer from the same patient (48). It should be
mentioned, however, that most of these genomic studies
were done prior to the widespread use of mpMRI which
has increased the detection of clinically significant prostate
cancer. Furthermore, while tissue-based biomarkers can
be helpful in stratifying patients based on risk, they should
only be used in situations where clinical decision making
may be influenced by their results, as the above biomarkers
have not undergone prospective testing or been shown to
improve long-term clinical outcomes (49).
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Conclusions
Prostate cancer is a complex disease in which predicting
which patients are at risk of progression and thus will
require curative treatment becomes paramount in clinical
decision making. While RP has been shown to prevent
disease progression in patients with intermediate or
high-risk clinically localized cancer, there may be some
role in surgery in patients with locally advanced disease
and regionally advanced as well. Risk stratification
methodologies consider numerous clinical and pathologic
factors including digital rectal examination, PSA level,
histology on prostate needle biopsy as well as radiologic
imaging with mpMRI. In the future, blood and urine-based
biomarkers are showing potential in detecting prostate
cancer with greater sensitivity and specificity than traditional
PSA. Furthermore, tissue-based genomic classifiers from
prostate biopsy samples are being increasingly utilized
in improving the prognostic potential of prostate-needle
biopsy. More studies are needed to validate the use of these
new molecular markers in the clinical environment. Lastly,
improved imaging techniques with mpMRI, and prostatecancer specific tracers for PET scans are promising tools
that will not help detect clinically significant cancer, but also
help identify high-risk patients with locally or regionally
advanced disease that may benefit from surgery.
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